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1) Molecular mechanism of -barrel protein folding by a mitochondrial outer membrane 
translocator, the SAM complex.
Eukaryotic cells are highly compartmentalized into membrane-bounded organelles with distinct 
functions.  Mitochondria are essential organelles that fulfill central functions in cellular energetics, 
metabolism and signaling.  We are studying the molecular mechanisms of biogenesis and quality 
control of mitochondria and other organelles from the viewpoint of protein and lipid trafficking.
The mitochondrial outer membrane houses membrane proteins characterized by barrel-like structures, 

known as -barrel membrane proteins. These proteins, such as porins and Tom40, play a crucial role 
in facilitating the passage of small molecules and proteins, thereby contributing to mitochondrial 
function. The SAM complex in the mitochondrial outer membrane is a translocator responsible for the 
formation of the -barrel structure of these proteins and their incorporation into the outer membrane.  
We have previously determined the high-resolution structures of the two forms of the SAM complex, 
each of which contains different subunit proteins, and revealed a novel mechanism ( -barrel switch 
model) in which the SAM complex switches its subunits with the -barrel protein substrate to promote 
its formation of the -barrel structure and its insertion into the outer membrane.  (Takeda et al., Nature
2021).  Nonetheless, it still remained unclear how the substrate folds the -sheet and assembles it 
into a precise barrel structure, closing the sheet. In this study, we determined the cryo-EM structure 
of the SAM complex with a folding intermediate of the substrate Tom40 at a spatial resolution of 2.8 Å 
(Takeda et al., Nat. Struct. Mol. Biol. 2023).  Furthermore, we established an experimental system to 
monitor -sheet formation of the substrate and its transient interaction with Sam50 as well as within 
Tom40 during -barrel formation in vivo, using disulfide bond formation as an indicator for analysis of 
barrel structure formation. In summary, the structurally correct formation of the substrate's -barrel 
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requires the growth of the -sheet from the C-terminal side, significant bending of the sheet during 
barrel formation, and the involvement of the N-terminal -segment inside the forming barrel, ultimately 
leading to the closure of the barrel.  This mechanism differs entirely from the process by which 
bacterial BAM complexes form -barrel proteins. The evolutionary acquisition of this mechanism is an 
intriguing aspect worth exploring further.  
 
2) Molecular mechanism of re-transport of mislocalized organelle proteins. 
For eukaryotic cell organelles to function properly, the proteins responsible for the function of each 
organelle must be correctly delivered to the organelle. It has been believed that organelle proteins are 
precisely transported, and that mislocalized proteins are quickly degraded.  However, we have 
recently found that intracellular transport of proteins is not always precise and that mislocalization can 
occur stochastically, but that there exists a system that detects such mislocalized proteins and not only 
degrades them but also re-transport them, so to speak, by "proofreading of protein transport" to finally 
achieve correct protein localization (Matsumoto and Endo, J. Biochem. 2023).  Msp1, an AAA-ATPase 
in the mitochondrial outer membrane, detects and extracts mislocalized membrane proteins from the 
mitochondrial outer membrane, which are then transported to the ER membrane for degradation or re-
transport  (Matsumoto, Ono et al., JCB, 2022).  Then, an important question is if such proofreading 
of protein transport could operate in other organelles. In this study, we investigated the possibility that 
the ER P-type ATPase Spf1 is involved in the quality control and extraction of mitochondrial outer 
membrane proteins mislocalized to the ER from the ER membrane.  First, we found that mitochondrial 
outer membrane tail-anchored (TA) proteins and some N-anchored proteins are mislocalized to the ER 
in Spf1-deficient yeast cells.  We also found that when Spf1 expression was induced after the 
expression of the mislocalized substrates was turned off, the mislocalized mitochondrial outer 
membrane proteins decreased from the ER and their localization to mitochondria was restored. We 
confirmed that these changes in localization were not due to secondary effects of Spf1 deficiency-
induced ER stress or changes in the inter-organelle ergosterol distribution.  These results strongly 
suggest that Spf1 is involved in achieving correct localization of membrane proteins between 
mitochondria and the ER. 
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